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Abstract Growing evidence indicates that androgens play a positive role in follicle proliferation and growth. Hence, many authors have 
assumed that androgen supplementation in women with poor ovarian reserve might improve the number of antral follicles available for 
ovarian stimulation. As androgen administration may become more frequently used in reproductive medicine, this study aimed at 
describing the histological changes observed in the genital tract and the breast of female-to-male (FTM) transsexuals. A pathological 
analysis of the genital tract of 112 FTM subjects who were given androgen for at least 6 months before hystero-salpingo-oophorectomy 
was performed. In addition, 100 bilateral mastectomies were performed, allowing a study of the breast tissue. Mean ovarian volume was 
increased, with histological characteristics of polycystic ovaries (PCO), defined as >12 antral follicles per ovary, observed in 89 patients 
(79.5%). Endometrial atrophy was observed in 45%. Breast examination revealed marked reduction of glandular tissue and increase of 
fibrous connective tissue in 93%, without atypical hyperplasia or carcinoma. The present data confirms and expands the putative asso¬ 
ciations between long-term androgen administration and abnormalities in ovarian architecture with macroscopic and microscopic char¬ 
acteristics of PCO, increased risk of endometrial atrophy and fibrotic breast tissue with marked glandular reduction. ^ nline 
© 2009, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved. 

KEYWORDS: androgens, breast, genital tract, ovary, polycystic, transsexual 


1472-6483/$ - see front matter © 2009, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved. 
doi:10.1016/j.rbmo. 2009.12.021 









554 


M Grynberg et al. 


Introduction 

Gender identity disorder is a relatively rare condition of 
atypical gender development in which there is a psychologi¬ 
cal perception of self as masculine or feminine which is 
incongruent with one’s phenotype. It is described in the 
International Classification of Diseases 10th revision (ICD- 
10; World Health Organization, 1992) and the Diagnostic 
and Statistical Manual of Mental Disorders - Text Revision 
IV (DSM-IV-TR; American Psychiatric Association, 1994). 
Affected patients usually need medical interventions to 
facilitate their transition to live in accordance with the iden¬ 
tified gender rather than with the phenotype. Even though 
the ICD-10 and DSM-IV-TR descriptions vary slightly, each 
provides a reliably sound and valid template for diagnosis. 
Gender identity disorder has a reported incidence worldwide 
of up to one in 120,000 for female-to-male (FTM) transsexu¬ 
als (Bakker et al., 2002) and the main tenet of its medical 
management is long-term hormonal treatment (The Harry 
Benjamin International Gender Dysphoria Association stan¬ 
dards of care for gender identity disorders, 6th version, 
2001; Walker etal., 1985). In fact, the acquisition of the sec¬ 
ondary sex characteristics of the other gender, which is fun¬ 
damental to sex reassignment, is contingent on sex steroid 
therapy. The goal of treatment of the FTM transsexual is to 
induce virilization, male-pattern body hair growth and 
physical contours, together with cessation of menstruation. 
Testosterone preparations are usually used to accomplish 
these goals. Androgens are usually administered for at least 
6 months before the reassignment surgery and continued 
thereafter. Surgery includes hysterectomy, bilateral sal- 
pingo-oophorectomiesand mastectomy. FTM transsexual pa¬ 
tients represent an excellent model to assess the histological 
long-term effects of androgens on many tissues, especially 
on the female genital tract and the breast. 

Growing evidence indicates that androgens are involved 
in the process of folliculogenesis. Indeed, both experimen¬ 
tal and clinical data provide good evidence for a critical role 
of androgens in the control of follicular development and a 
positive effect on follicle proliferation and growth. Based on 
these data, many authors have assumed that androgen 
supplementation in women with poor ovarian reserve might 
improve the number of small antral follicles available for 
ovarian stimulation, as well as improve the follicular sensi¬ 
tivity to FSH. However, as the folliculogenesis process lasts 
several months, a long-term androgen therapy should be 
used to reach this issue. 

Hence, while androgen administration might take a 
growing place in reproductive medicine, the aim of this 
study was to describe the histological changes observed in 
the genital tract of FTM transsexuals after long-term andro¬ 
gen therapy. 

Materials and methods 
Population 

This study retrospectively reviewed the histological data ob¬ 
tained from examining the ovaries, the endometrium and 
the breast tissue from 112 women, 21-53 years of age, with 


transsexualism, diagnosed according to the DSM IV criteria 
(American Psychiatric Association, 1994), who underwent 
hysterectomy, bilateral salpingo-oophorectomies and mas¬ 
tectomy from January 2000 to December 2006. Prior to sur¬ 
gery, all patients had received androgen therapy as 
testosterone enantate (Androtardyl; Schering SA, France) 
250 mg intramuscularly every 4 weeks for at least 6 months. 

Patient characteristics 

At the time of sex reassignment surgery, the overall mean 
age of the 112 patients was 28.9 ± 0.9 years. Their mean 
body mass index was 25.4 ± 0.2 kg/m 2 . Before androgen 
treatment, 98 had regular cycles (88%). Clitoridomegaly 
was not found before therapy in any subject. No patient 
had had ovariectomy before sex reassignment surgery, but 
they had received androgen treatment for 2-9 years 
(3.7 ±0.6 years). During androgen therapy, all the patients 
became completely amenorrhoeic and masculinized 
(Ferriman-Gallwey score > 25). 

Histopathological examination 

Pathological examination was simultaneously performed by 
two observers. Both ovaries were measured longitudinally, 
transversely and antero-posteriorly, allowing for calculation 
of the ovarian volume. Histological sections were made lon¬ 
gitudinally throughout the largest diameter of the ovaries. 
Paraffin sections were stained with haematoxylin and azo- 
phloxin (H and A) and Masson’s trichrome stain. Histopathol¬ 
ogical criteria for polycystic ovaries (PCO) were the same as 
those described elsewhere (Futterweit and Deligdisch, 
1986; Hughesdon, 1982; Pache et al., 1991) and included 
collagenization of the outer cortex, stromal hyperplasia, 
luteinization of stroma cells and multifollicular ovaries in 
various stages of growth and atresia. In this latter case, 
healthy antral follicles were considered those bordered with 
two or more layers of granulosa cells, cystic follicles were 
those with partly collagenized wall, and atretic follicles 
were those that had lost their shape and their granulosa cell 
content. The number of healthy antral, cystic and atretic 
follicles was considered consistent with PCO when more 
than 12 per ovary were found. 

For endometrial histology, glandular hyperplasia with 
cysts was defined as proliferating glands lined with tall 
stratified columnar epithelium with a high nucleo-cytoplas- 
mic ratio and with a large number of mitotic figures, and 
cystically dilated glands. An atrophic endometrium con¬ 
sisted of tubular glands lined by cuboidal epithelium with 
low nucleo-cytoplasmic ratio, no proliferative or secretory 
activity and separated by a compact stroma. The diagnosis 
of adenomyosis, characterized by the presence of hetero¬ 
topic endometrial glands and stroma in the myometrium 
with adjacent smooth muscle hyperplasia, was made when 
glandular extension below the endometrial-myometrial 
interface was >2.5 mm (Uduwela et al., 2000). The staining 
procedures for endometrium, cervix, fallopian tubes and 
breast analysis were as follow: haematoxylin eosine (H&E) 
and toluidine; H&E and PAS; H&E; and H&E, respectively. 

For breast histology, sections from mastectomy speci¬ 
mens consisted of one or more sections per breast (2-10 
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per patient) stained by H and E. Pathological examination 
focused on looking for intraductal hyperplasia and/or 
carcinoma. 

Statistical analysis 

The measure of central tendency used was the mean and 
the measure of variability was the standard error. Compar¬ 
isons between ovarian volumes in patients with or without 
PCO characteristics on histological analysis were performed 
using Mann-Whitney LZ-tests. Relationship between two 
continuous variables was assessed by correlation when they 
were independent from each other. The Spearman’s test 
was used to determine whether coefficients of correlation 
(r) were significantly different from zero. A P-value <0.05 
was considered statistically significant. 

Results 

Ovarian histology 

Ninety-nine out of the 224 ovaries appeared microscopi¬ 
cally enlarged. Mean ovarian right and left volumes were 
10.9 ±0.68 ml, and 10.1 ±0.66 ml, respectively. The mean 
number of antral follicles, including healthy antral, cystic 
and atretic follicles was at 16.5 ± 0.62 per ovary. An exam¬ 
ple of a section through an ovary of a FTM transsexual show¬ 
ing multiple cystic atretic follicles is shown in Figure 1. The 
ovarian stroma showed hyperplasia in all patients. Consider¬ 
ing, these data, histological PCO aspects were observed in 
89 patients (79.5%), who displayed more than 12 antral fol¬ 
licles per ovary. Ovarian volumes appeared significantly lar¬ 
ger in women with PCO aspect on histological analysis, as 
compared with those with non-polycystic ovaries (right 
ovary (RO): z = -2.8; P < 0.006; left ovary (LO): z = -3.02; 
P< 0.03). In addition, mean ovarian volume, (RO + LO)/2, 
was strongly correlated with the number of antral follicles 
(r = 0.67; P< 0.0001). 



Figure 1 Section through ovary of female-to-male trans¬ 
sexual showing multiple cystic atretic follicles (haematoxylin 
and eosin staining, 4x magnification). 


Endometrium and myometrium histology 

Mean uterine length was 7.89 ±0.15 cm. Two distinct 
patterns could be observed, proliferative and atrophic 
endometrium. Proliferative endometrium was noted in 54 
cases. Atrophic endometrium was observed in 50 patients, 
displaying small and tubular glands with stromal condensa¬ 
tion. Endometrial polyps were present in four cases, while 
endometrial hyperplasia, without cellular atypia was de¬ 
scribed in eight cases. Atypical endometrial hyperplasia, 
with small focus of adenocarcinoma was diagnosed in one 
patient. Minimal changes were noted in the myometrial tis¬ 
sue. Leiyomyomata were present in 19 patients, with either 
intramural location (n = 15) or both intramural and subsero- 
sal location (n = 4). Adenomyosis was observed in 4.5% of 
patients. 

Cervical histology 

Minimal changes in cervical histology were observed. 
Twenty-four simple hyperplasia of the endocervical mucosa 
were noted. Cervical dysplasia (CIN 1) was present in one 
case. The exocervix revealed no histological abnormalities. 

Breast histology 

Of the 100 breast pathological examinations achieved, a 
marked reduction of glandular tissue and a proliferation of fi¬ 
brous connective tissue were observed in 93%. Ducts and invo¬ 
luted lobuloalveolar structures were embedded in a dense, 
hyalinized fibrous tissue. Severe lobular atrophy was ob¬ 
served in 7% of the cases, with mildly atrophic or stromal 
changes noted in 86% and 7%, respectively. Fibrocystic lesions 
were reported in 34 cases and two adenofibromas were de¬ 
scribed. None of the samples showed atypical hyperplasia, 
in-situ breast carcinomas or features of gynaecomastia. No 
intraductal papilloma or papillomatosis were observed. 

Discussion 

Ovarian ageing is a lengthy, complex process characterized 
by the quantitative and qualitative attrition of ovarian folli¬ 
cles. From their early thirties to their early forties, women 
are expected to exhaust three-quarters of their follicular 
reserve (Block, 1952), a phenomenon that exerts a deter¬ 
mining effect on their natural as well as medically assisted 
fertility potential (Gougeon, 1996; Reuss et al., 1996). 
Low response to ovarian stimulation frequently reflects an 
age-related decline in reproductive performance, but the 
same phenomenon may occur in young patients (Fasouliotis 
et al., 2000; Tarlatzis et al., 2003). Some of the latter group 
of women have so-called 'occult ovarian failure’ shown by 
elevated FSH serum concentrations (Cameron et al., 
1988), but others have normal serum FSH and no apparent 
reason for repeated low responses to aggressive stimulation 
protocols (Fasouliotis et al., 2000; Tarlatzis et al., 2003). 

Androgens have been shown, in animal models, to play 
major roles in the process of folliculogenesis, namely the 
promotion of follicular recruitment (Billig et al., 1993; 
Hillier and Ross, 1979) and a positive effect on follicular 
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proliferation (Vendola et al., 1998; Weil et al., 1998). More¬ 
over, androgens are likely to impact folliculogenesis in mon¬ 
keys by increasing the number of FSH receptors expressed in 
granulosa cells (Weil et al., 1999). Besides these experimen¬ 
tal data, further evidence for a potential positive effect of 
androgens on follicular proliferation and growth in humans 
emerged from pharmacological or pathological models. 
Firstly, a long-term exposure to large doses of exogenous 
testosterone in FTM transsexuals has been associated with 
morphological features of polycystic ovary syndrome 
(PCOS), with a significant increase in the number of small 
antral follicles (Spinder et al., 1989). Secondly, polycystic- 
like ovaries have been described in women with non-ovarian 
causes of hyperandrogenism, such as congenital adrenal 
hyperplasia and androgen-producing tumours. Lastly, high 
androgen production may account for the antral follicle ex¬ 
cess usually observed in patients with PCOS (de Leo et al., 
1998), as suggested by a highly significant positive correla¬ 
tion between the number of small follicles and androgen 
concentrations (Jonard et al., 2003; Pigny et al., 2003). 
Altogether, these data suggest that, in non-human primates 
and in human beings, androgens play a critical role in the 
control of follicular development and in follicular sensitivity 
to FSH. Hence, many authors assume that low doses of 
androgen supplementation during the early phase of follicu¬ 
lar recruitment might improve the number of small antral 
follicles as well as improve the ovarian sensibility to FSH. 
However, regarding the length of the folliculogenesis pro¬ 
cess, it is conceivable that androgen therapy should be gi¬ 
ven for several months in order to be of benefit. This 
emerging concept requires precise knowledge of the effects 
of long-term androgen therapy, especially on the female 
genital tract. 

FTM transsexual patients represent a particularly interest¬ 
ing model to study these effects, even though there are dif¬ 
ferences in the dosage of androgen administration used in 
this population as compared with the low testosterone sup¬ 
plementation proposed in infertile women. Many studies, 
with limited numbers of patients, reported ovarian changes 
after chronic androgen exposure (Amirikia et al., 1986; Miller 
et al., 1986; Pache et al., 1991; Spinder et al., 1989). These 
studies, in line with experimental data in an androgenized 
monkey model (Vendola et al., 1998) and with pathological 
in-vivo models, such as congenital patients with adrenal 
hyperplasia or virilizing tumours (Kase etal., 1963), reported 
macroscopic and microscopic ovary aspects very close to the 
one observed in ovaries from women with idiopathic PCOS. 
The present series revealed, among the 112 FTM transsexual 
patients exposed to high doses of exogenous androgens, a 
79.5% prevalence of histological aspects of idiopathic PCOS. 
As previously described (Futterweit and Deligdisch, 1986; 
Pache et al., 1991), ovarian volume was increased, probably 
in relation to the high number of antral follicles and stromal 
hyperplasia. Although the role of sex steroids in preantral fol¬ 
licle development remains unclear, recent studies highlight 
the effect of androgens in early follicular growth. In cultured 
mouse preantral follicles, androgen treatment stimulates fol- 
licullar growth (Murray et al., 1998). In intact monkeys, 
androgen treatment, acting through androgen receptors, in¬ 
creases the number of preantral and small antral follicles by 
up to 1 mm in diameter (Hillier et al., 1997; Vendola et al., 
1998; Weil et al., 1998). Androgens promote both theca 


interna cell and granulosa cell proliferation, and inhibit apop¬ 
tosis (Takayama et al., 1996; Vendola et al., 1998). This 
effect on folliculogenesis predominates in small follicles, 
due probably to their richness in androgen receptors. All 
these data are consistent with the induced PCOS-like ovarian 
aspects observed in FTM transsexual women exposed to long¬ 
term androgenotherapy. 

The physiological role of androgens in the uterus is not 
fully clear. Androgen receptors are detected at all phases of 
the menstrual cycle in the normal uterus both in the epithe¬ 
lium and in the stroma, with a higher concentration in the lat¬ 
ter. Endometrial atrophy of the uterine mucosa was observed 
in about 50% of patients after chronic androgen exposure, 
while cervical and myometrial histologies do not differ from 
those of normal women. Atrophic effect of androgen therapy 
on endometrium has already been described both in FTM 
transsexuals and post-menopausal women (Perrone et al., 
2009; Zang et al., 2007). However, this study’s data revealed 
proliferative and endometrial hyperplasia in 54 and eight sub¬ 
jects, respectively. These endometrial aspects were neither 
correlated to patient’s age nor to their body mass index. 
Although the testosterone effects on the human endome¬ 
trium remain unclear, most in-vitro and in-vivo data are con¬ 
sistent with an absence of stimulating effect on endometrial 
proliferation (Hickok et al., 1993; Perrone et al., 2009; Rose 
et al., 1988; Zang et al., 2007). Whereas, pathophysiological 
mechanisms leading to endometrial hyperplasia during 
androgen therapy remain debated, increased serum oestro¬ 
gen concentrations after conversion of androgens and insulin 
resistance may be involved (Lathi et al., 2005). Overall, the 
chronic lack of progesterone accompanying anovulation, 
hyperinsulinaemia and hyperandrogenaemia can lead to a 
net stimulatory effect on endometrial proliferation and 
hyperplasia. As hyperandrogenism and hyperinsulinaemia 
are positively correlated in women with anovulation (Dunaif, 
1997), it is difficult to distinguish the specific actions of insu¬ 
lin or androgens on the endometrium. 

Prevalence of uterine adenomyosis was 4.5%, which is not 
significantly different from the prevalence in the general 
population. Although physiolopathological mechanisms in¬ 
volved in the genesis of adenomyosis, remain unclear, andro¬ 
gens might not play a major role in opposition to other sexual 
steroids such as oestrogens and progesterone. One case of 
endometrial adenocarcinoma, diagnosed on pathological 
examination in an asymptomatic woman, was observed. This 
entity had never been previously described in the literature. 

Regarding the breast, four studies reported the findings 
of androgen effects, with variable pathological findings, be¬ 
tween intralobular fibrous stroma, extralobular fibrous 
stroma and lobular atrophy (Burgess and Shousha, 1993; 
Sapino et al., 1990; Slagter et al., 2006). Buress and Shousha 
reported no significant effect of long-term androgen admin¬ 
istration on the female breast tissue. This study observed a 
marked reduction of glandular tissue and a promotion of fi¬ 
brous connective tissue in 93% of the cases. The variability 
of stromal connective tissue and epithelial changes in this 
study’s patients following androgen administration may be 
related to the peripheral interconversion of androgens to 
oestrogens. Thus, effects of androgenotherapy probably re¬ 
flected the simultaneous action of androgens and oestro¬ 
gens. Some authors reported an association between 
circulating testosterone and the risk of developing breast 
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cancer in post-menopausal women (Key et al., 2002; 
Missmer et al., 2004). In addition, epithelial hyperplasia 
has been shown to be associated with increased androgen 
concentrations (Secreto et al., 1983), but this study found 
no significant increase in the incidence of epithelial hyper¬ 
plasia or breast carcinoma. These data are consistent with 
the absence of evidence of increased breast cancer risk in 
women displaying hyperandrogenism, such as PCO patients 
or women affected by virilizing tumours. Thus, androgen 
therapy given to FTM transsexual patients does not seem 
to increase the chances of premalignant or malignant-asso¬ 
ciated changes in the breast tissue. 

In conclusion, this retrospective report presents the larg¬ 
est series of histopathological examinations of the genital 
tract in FTM transsexual patients, after at least 6 months 
of androgen therapy. Long-term androgen exposure often 
leads to changes in ovarian architecture, with macroscopic 
and microscopic ovary aspects resembling the one observed 
in ovaries from women with idiopathic PCOS. Despite these 
ovarian modifications, uterine histology does not seem to be 
very different as compared with non-hyperandrogenic wo¬ 
men. Regarding the breast, a marked reduction of glandular 
tissue and a promotion of fibrous connective tissue were 
noted, without epithelial aspects of hyperplasia or breast 
carcinoma. This is consistent with the previous data that 
concluded that androgens had a non-premalignant or malig¬ 
nant effect on the breast tissue. 

References 

American Psychiatric Association, 1994. Diagnostic and Statistical 
Manual of Mental Disorders, 4th ed., Washington DC. 

Amirikia, H., Savoy-Moore, R.T., Sundareson, A.S., et al., 1986. 
The effects of long-term androgen treatment on the ovary. 
Fertil. Steril. 45, 202-208. 

Bakker, A., van Kesteren, P.J., Gooren, L.J., et al., 2002. The 
prevalence of transsexualism in The Netherlands. Acta Psychi- 
atr. Scand. 87, 237-238. 

Billig, H., Furuta, I., Hsueh, A.J., 1993. Estrogens inhibit and 
androgens enhance ovarian granulosa cell apoptosis. Endocri¬ 
nology 133, 2204-2212. 

Block, E., 1952. Quantitative morphological investigations of the 
follicular system in women: variations at different ages. Acta 
Anat. 14, 108-123. 

Burgess, H.E., Shousha, S., 1993. An immunohistochemical study of 
the long-term effects of androgen administration on female-to- 
male transsexual breast: a comparison with normal female 
breast and male breast showing gynaecomastia. J. Pathol. 170, 
37-43. 

Cameron, I.T., O’Shea, F.C., Rolland, J.M., et al., 1988. Occult 
ovarian failure: a syndrome of infertility, regular menses, and 
elevated follicle-stimulating hormone concentrations. J. Clin. 
Endocrinol. Metab. 67, 1190-1194. 

De Leo, V., la Marca, A., Lanzetta, D., et al., 1998. Effects of 
flutamide on pituitary and adrenal responsiveness to corticotro- 
phin releasing factor (CRF). Clin. Endocrinol. (Oxf.) 49, 85- 
89. 

Dunaif, A., 1997. Insulin resistance and the polycystic ovary 
syndrome: mechanism and implications for pathogenesis. 
Endocr. Rev. 18, 774-800. 

Fasouliotis, S.J., Simon, A., Laufer, N., 2000. Evaluation and 
treatment of low responders in assisted reproductive technol¬ 
ogy: a challenge to meet. J. Assist. Reprod. Genet. 17, 357- 
373. 


Futterweit, W., Deligdisch, L., 1986. Histopathological effects of 
exogenously administered testosterone in 19 female to male 
transsexual people. J. Clin. Endocrinol. Metab. 62, 16-21. 

Gougeon, A., 1996. Regulation of ovarian follicular development in 
primates: facts and hypotheses. Endocr. Rev. 17, 121-155. 

The Harry Benjamin International Gender Dysphoria Association 
standards of care for gender identity disorders, 6th version. 
<http://www.hbigda.org/soc.html/> (retrieved 17.11.02). 

Hickok, L.R., Toomey, C., Speroff, L., 1993. A comparison of 
esterified estrogens with and without methyltestosterone: 
effects on endometrial histology and serum lipoproteins in 
postmenopausal women. Obstet. Gynecol. 82, 919-924. 

Hillier, S.G., Ross, G.T., 1979. Effects of exogenous testosterone on 
ovarian weight, follicular morphology and intraovarian proges¬ 
terone concentration in estrogen-primed hypophysectomized 
immature female rats. Biol. Reprod. 20, 261-268. 

Hillier, S.G., Tetsuka, M., Fraser, H.M., 1997. Location and 
developmental regulation of androgen receptor in primate 
ovary. Hum. Reprod. 12, 107-111. 

Hughesdon, P.E., 1982. Morphology and morphogenesis of the 
Stein-Leventhal ovary and of so-called 'hyperthecosis’. Obstet. 
Gynecol. Surv. 37, 59-77. 

Jonard, S., Robert, Y., Cortet-Rudelli, C., et al., 2003. Ultrasound 
examination of polycystic ovaries: is it worth counting the 
follicles? Hum. Reprod. 18, 598-603. 

Kase, N., Kowal, J., Perloff, W., et al., 1963. In vitro production of 
androgens by a virilizing adrenal adenoma and associated 
polycystic ovaries. Acta Endocrinol. (Copenh.) 44, 15-19. 

Key, T., Appleby, P., Barnes, I., et al., 2002. Endogenous sex 
hormones and breast cancer in postmenopausal women: reanal¬ 
ysis of nine prospective studies. J. Natl. Cancer Inst. 94, 606-616. 

Lathi, R.B., Hess, A.P., Tulac, S., et al., 2005. Dose-dependent 
insulin regulation of insulin-like growth factor binding protein-1 
in human endometrial stromal cells is mediated by distinct 
signaling pathways. J. Clin. Endocrinol. Metab. 90, 1599-1606. 

Miller, N., Bedard, Y.C., Cooter, N.B., et al., 1986. Histological 
changes in the genital tract in transsexual women following 
androgen therapy. Histopathology 10, 661-669. 

Missmer, S.A., Eliassen, A.H., Barbieri, R.L., et al., 2004. Endog¬ 
enous estrogen, androgen, and progesterone concentrations and 
breast cancer risk among postmenopausal women. J. Natl. 
Cancer Inst. 96, 1856-1865. 

Murray, A.A., Gosden, R.G., Allison, V., et al., 1998. Effect of 
androgens on the development of mouse follicles growing 
in vitro. J. Reprod. Fertil. 113, 27-33. 

Pache, T.D., Chadha, S., Gooren, L.J., et al., 1991. Ovarian 
morphology in long-term androgen-treated female to male 
transsexuals. A human model for the study of polycystic ovarian 
syndrome? Histopathology 19, 445-452. 

Perrone, A.M., Cerpolini, S., Maria Salfi, N.C., et al., 2009. Effect 
of long-term testosterone administration on the endometrium of 
female-to-male (FtM) transsexuals. J. Sex Med. 6, 3193-3200. 

Pigny, P., Merlen, E., Robert, Y., et al., 2003. Elevated serum level 
of anti-mullerian hormone in patients with polycystic ovary 
syndrome: relationship to the ovarian follicle excess and to the 
follicular arrest. J. Clin. Endocrinol. Metab. 88, 5957-5962. 

Reuss, M.L., Kline, J., Santos, R., et al., 1996. Age and the ovarian 
follicle pool assessed with transvaginal ultrasonography. Am. J. 
Obstet. Gynecol. 174, 624-627. 

Rose, G.L., Dowsett, M., Mudge, J.E., et al., 1988. The inhibitory 
effects of danazol, danazol metabolites, gestrinone, and tes¬ 
tosterone on the growth of human endometrial cells in vitro. 
Fertil. Steril. 49, 224-228. 

Sapino, A., Pietribiasi, F., Godano, A., et al., 1990. Effect of long¬ 
term administration of androgens on breast tissues of female-to- 
male transsexuals. Ann. NY Acad. Sci. 586, 143-145. 

Secreto, G., Fariselli, G., Bandieramonte, G., et al., 1983. Andro¬ 
gen excretion in women with a family history of breast cancer or 



558 


M Grynberg et al. 


with epithelial hyperplasia or cancer of the breast. Eur. J. 
Cancer Clin. Oncol. 19, 5-10. 

Slagter, M.H., Gooren, L.J., de Ronde, W., et al., 2006. Serum and 
urine tissue kallikrein concentrations in male-to-female trans¬ 
sexuals treated with antiandrogens and estrogens. Clin. Chem. 
52, 1356-1365. 

Spinder, T., Spijkstra, J.J., van den Tweel, J.G., et al., 1989. The 
effects of long term testosterone administration on pulsatile 
luteinizing hormone secretion and on ovarian histology in 
eugonadal female to male transsexual subjects. J. Clin. Endo¬ 
crinol. Metab. 69, 151-157. 

Takayama, K., Fukaya, T., Sasano, H., et al., 1996. Immunohisto- 
chemical study of steroidogenesis and cell proliferation in 
polycystic ovarian syndrome. Hum. Reprod. 11, 1387-1392. 

Tarlatzis, B.C., Zepiridis, L., Grimbizis, G., et al., 2003. Clinical 
management of low ovarian response to stimulation for IVF: a 
systematic review. Hum. Reprod. Update 9, 61-76. 

Uduwela, A.S., Perera, M.A., Aiqing, L., et al., 2000. Endometrial- 
myometrial interface: relationship to adenomyosis and changes 
in pregnancy. Obstet. Gynecol. Surv. 55, 390-400. 

Vendola, K.A., Zhou, J., Adesanya, O.O., et al., 1998. Androgens 
stimulate early stages of follicular growth in the primate ovary. 
J. Clin. Invest. 101, 2622-2629. 


Walker, P., Berger, J., Green, R., et al., 1985. Standards of care: 
the hormonal and surgical sex reassignment of gender dysphoric 
persons. Arch. Sex Behav. 14, 79-90. 

Weil, S.J., Vendola, K., Zhou, J., et al., 1998. Androgen receptor 
gene expression in the primate ovary: cellular localization, 
regulation, and functional correlations. J. Clin. Endocrinol. 
Metab. 83, 2479-2485. 

Weil, S., Vendola, K., Zhou, J., et al., 1999. Androgen and 
follicle-stimulating hormone interactions in primate ovarian 
follicle development. J. Clin. Endocrinol. Metab. 84, 2951 — 
2956. 

World Health Organization, 1992. Mental and behavioural disorders: 
F64: gender identity disorders. In: International Classification of 
Diseases-10, vol. 1 (Chapter V). 

Zang, H., Sahlin, L., Masironi, B., et al., 2007. Effects of 
testosterone treatment on endometrial proliferation in postmen¬ 
opausal women. J. Clin. Endocrinol. Metab. 92, 2169-2175. 

Declaration: The authors report no financial or commercial 

conflicts of interest. 

Received 30 June 2009; refereed 6 August 2009; accepted 2 

December 2009. 




